Introduction and objectives: Ageing is associated with increasing prevalence of chronic and degenerative disease and changes in cardiovascular structure, which may be associated with electrocardiographic abnormalities. Our aim is to assess the prevalence of electrocardiographic abnormalities in elderly primary care patients.
, 2011. In that time, the service provided support to primary care professionals of 658 cities in the state of Minas Gerais, 85% of them with less than 14,000 inhabitants, by performing teleconsultation (defined as "synchronous or asynchronous consultation using information and communication technology to omit geographical and functional distance" [5] ), and telediagnosis (remote analysis of exams), including ECG analysis [6] .
Methods
Thoughout the study, 264,324 exams were performed, 33.2% (87,804) of them were in elderly patients. The median population of the cities where these elderly were located was 8,924 inhabitants (IQR 5,213-14,592). The elderly group comprised 50,136 women (57.1%). The median age was 70 years (IQR 64-76 years; maximum 105 years); 13,277 (15.1%) were octogenarians and 1,575 (1.8%) nonagenarians. For the non-elderly group, the median age was 43 (IQR 31-52) years and 60.9% were women. Clinical characteristics of the elderly group are shown on Table 1 . The digital ECGs were recorded by nursing technicians from the family health program of the participating municipalities using a tele-electrocardiograph by Tecnologia Eletrônica Brasileira (TEB) or Micromed Biotecnologia and sent through the internet to the analysis center, where the exams were immediately directed to a team of cardiologists, trained and experienced in analysis and interpretation ECG using standardized criteria [7] . For the purpose of this study, elderly were defined by persons with age equal or higher 60 years-old. They were compared with people up to 59 years-old. Clinical data (age, sex, comorbidities) were selfreported, collected using a standardized questionnaire. Comorbidities included in the questionnaire were hypertension, diabetes, obesity, hyperlipidemia, chronic kidney disease, chronic obstructive pulmonary disease and Chagas disease (ChD). Smoking, family history of coronary disease and previous myocardial infarction were also included. All these variables were the same ones already used by the standard questionnaire of the ECG analysis used by the public telehealth service quoted. All consecutive exams performed in elderly patients were analyzed. ECGs with technical problems, as interference or lead placement errors, were excluded. The prevalence and type of electrocardiographic abnormalities were assessed and stratified by hypertension. The proportion of atrial flutter was considered with the proportion of atrial fibrillation (AF), as other epidemiological studies [8] . Regarding the ECGs analysis, 41.6% of the ECGs had no abnormalities, vs. 69.6% in patients less than 60 years (p<0.001). Among patients who had abnormal ECG, it was frequent to have more than one abnormality. The association between abnormal ECG and clinical characteristics is shown on Table 2 . The prevalence of normal ECGs decreased with ageing: 48.5% in patients with 60-69 years of age, 37.7% in patients with 70-79 years of age, 27.7% in patients with 80-89 years of age and 23.3% in nonagenarians. In patients who had abnormalities, the median number of ECG abnormalities was 2 (IQR 1-2, maximum number of 10).The most frequent electrocardiographic abnormalities are shown in Table 3 , for all patients and stratified by the presence of hypertension. 
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The data was extracted from a one year population prevalence analysis in a region of Brazil, but it can be considered representative of the country. Minas Gerais is the Brazilian state with the largest number of cities (853) and the second in highest population, distributed in an area equivalent to France. Age and distribution and percentage of urbanization are similar to the overall national pattern, as well as are the social inequality. The north and the northeast of Minas Gerais have Human Development Index (HDI) similar to the North and Northeast Brazil, and while the west and the south of the state have HDI similar to the areas with the highest HDI of the country [9, 10] . The ECG is an important tool in the detection, prediction, and prevention of cardiac events on the primary care setting. This study, in a large database of elderly primary care patients, 48.7% of them with hypertension, showed that ECG abnormalities are common in this population: only 41.6% of the elderly had normal ECGs, significantly lower than younger patients, and this proportion decreased with ageing, reaching 23.3% in nonagenarians. Among patients who had abnormal ECG, it was frequent to have more than one abnormality.
Discussion
Some authors point out that the limits between normality and pathology in the ECG of elderly patients are not well defined [11] . Aging is associated with extensive changes in cardiovascular structure and function which may result in ECG abnormalities [11, 12] . The clinical significance of many of these abnormalities is uncertain. It is important to be clear for primary care physicians which abnormalities they have to continue propaedeutic or modify the patient treatment, and which ones have impact on prognosis, in order to avoid unnecessary referrals, interventions and costs.
Chagas disease (ChD) and previous myocardial infarction had stronger association with abnormal ECG. ChD is endemic in Latin American countries, with about eight to ten million infected subjects, and is a leading cause of cardiomyopathy [13, 14] . Although the burden of the disease is falling, and ChD transmission is considered to be eliminated in Brazil. Due to a cohort effect, the disease is now a public health problem among older individuals [15] . As a consequence of immigration from endemic countries and international travel, it is now an emerging world health problem [14, 16] . The common ECG abnormalities in ChD are right bundle-branch block (RBBB), often associated with left anterior hemiblock (LAH), and abnormalities of the conduction system, such as bradyarrhythmias and tachyarrhythmias [14] . In a previous analysis of the same database, Chagas disease was strongly associated with pacemaker rhythm (odds ratio Minor and major ECGs abnormalities are significantly associated with an increased risk of coronary heart disease, and they have been associated with improved risk prediction beyond traditional risk factors [18] . For example, LVH detected with standard ECG is a strong independent predictor of myocardial infarction, stroke, congestive heart failure and sudden cardiac death [19, 20] , and is associated with a poor prognosis in very old men and women [21] . Its prevalence is highly influenced by the criteria used [22] . In the present study, the prevalence of LVH criteria was similar to other studies, but slightly higher than the prevalence observed in the Bambuí cohort of elderly patients from Bambuí city, from the same province in Brazil, which ECGs were codified by the Annex Publishers | www.annexpublishers.com Volume 3 | Issue 2
Atrial fibrillation (AF) is associated with an increased risk of stroke, congestive heart failure, higher mortality and is an important cause of hospitalization [25] . This arrhythmia is a major cardiovascular challenge in modern society and its medical, social and economic aspects are all set to worsen over the coming decades [25] . The investigation of the prevalence of this cardiac rhythm disturbance is very relevant. The only study that assessed the prevalence of AF in elderly patients in Brazil showed a prevalence of 2.4%, 2.0% in women and 3.9% in men, smaller than what we observed. The sample size of that study was much smaller and comprehended patients of just one city, São Paulo [26] . We published a specific analysis of AF prevalence using the same database as the one used in this study, and showed that AF prevalence reached 8.4% in octogenarians and 11.0% in nonagenarians [10] .
In the present study, a stratified analysis that compared the prevalence of electrocardiographic abnormalities in the elderly with hypertension versus without hypertension showed a higher prevalence of AF in the first group, as expected. It is known that the prevalence of AF increases with age and also that hypertension is one of the risk factors for developing AF, as it can lead to cardiac dysfunction and electrical instability [27] .
When comparing elderly with and without hypertension, it was observed that the abnormality with the largest difference between groups was the prevalence of nonspecific repolarization abnormalities, more common in patients with hypertension. There are few publications that analyzed the prevalence, prognosis and implications of nonspecific repolarization abnormalities in the elderly [24] . In the Cardiovascular Health Study the presence of those abnormalities were common in the elderly population and independently associated with increased risk for coronary heart disease mortality and with cardiac death, versus those without nonspecific repolarization abnormalities [28] .
Smoking, dyslipidemia, chronic kidney disease and COPD were not independently associated with abnormal ECG in multivariate analysis. Smoking, dyslipidemia and chronic kidney disease are established cardiovascular risk factors, but they are not directly related to electrocardiographic abnormalities. Previous myocardial infarction was included in the model, and, as expected, it was significantly associated with abnormal ECG. COPD may be associated with ECG abnormalities [29] . However, the prevalence of self-reported COPD was low, so it may be an underdiagnosed condition in this population. The low prevalence might have impacted in the logistic regression results.
This study shows the importance of a telehealth service for the recognition of important conditions to health policies. Services like that helps with a second opinion of diagnoses, conducts and improves access to ECG reports that are not easy for most general practitioners. When the telehealth service is integrated to the health system, as in this case, the results of analysis of digital ECGs may have an important role in public health planning.
The study has some limitations. It included patients who sought primary care. Therefore, it may have overestimated the prevalence in the community. Comorbidities and medication data were self-reported, and thus might have been underreported. As this is a retrospective study, the data was extracted of the TNMG database, and some comorbidities are not included in the standardized questionnaire, for example, heart failure or alcohol abuse, and other variables were not extracted when the database was built, for example, cardiovascular medicines used.
This study, in a large sample of elderly individuals in primary care, extracted from a one year population prevalence analysis, showed that electrocardiographic abnormalities are common, with a prevalence which increases with ageing. ChD and previous MI were the variables with stronger association with abnormal ECG.
Conclusion
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